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ABSTRACT

Bad weather continues not only to inflict damage on property but also to kill and injure people, despite

significant advances in the predictive power of meteorological warnings. There is evidence that people tend to

underreact to weather warning information, to a large extent because of insufficient understanding of the

impacts that severe weather events can have, as well as to demonstrate the appropriate response behavior. A

growing number of experts are suggesting that standard warning information should be augmented with

additional information about these factors, but this has so far largely failed to take place. Past research studies

have shown possible advantages of including impact-based warnings (IBWs) and behavioral recommenda-

tions (BRs) into the warning information, but the results are in part ambiguous, due to a failure to have tested

for effects of the two kinds of information separately and in combination. Based on quantitative results from a

survey experiment in Switzerland, this knowledge gap is addressed. Results of the research reported here

indicate significant benefits from providing both sets of information together, in terms of improving both

perception and understanding of warning and intended behavioral responses. When only one piece of in-

formation is given, BRs have a significant effect on both perception and intended response, whereas IBWs

have a significant effect only on intended response. These findings offer empirical justification for the added

expense and time associated with the more detailed hazard warnings.

1. Introduction

Bad weather and its downstream effects kill people,

destroy property, and impoverish communities. This

happens despite the best efforts of responsible national

meteorological and hydrological services (NMHSs) to

provide accurate and timely disseminated warning in-

formation (WMO 2015a). In 2016, the number of peo-

ple who reported to be affected by natural disasters

worldwide (564.4 million) was the highest since 2006—

amounting to 1.5 times the 2006–15 annual average

(224 million)—and almost 70 000 die each year (Guha-

Sapir et al. 2017). In Europe, reported economic losses

from extreme weather- and climate-related events over

the 1980–2016 period amounted to EUR 436 billion

(European Environment Agency 2017a). Losses may be

even greater under future climate change, as nearly

all extreme weather- and climate-related events are
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projected to change in their frequency, intensity, spatial

extent, duration, and timing (IPCC 2012). Along with

climate change, socioeconomic developments such as

growing population and economic wealth, develop-

ments in hazard-prone areas, and degradation of natural

ecosystems will influence the exposure and vulnerability

of many regions, across the world and in Europe

(European Environment Agency 2017b).

In response, NMHSs have improved their capacity to

forecast high-impact weather events, with growing pre-

cision in terms of both the hazard and the impacts.

More precisely, the second half of the twentieth century

witnessed improvement in the quality, quantity, and

availability of weather and climate information, includ-

ing forecasts, warnings, and advisory services (WMO

2015b). Enhanced technology, making use of real-time

data collection and the capability of modeling and dis-

semination of information, has given rise to warning

systems that are becoming increasingly sophisticated

(Aitsi-Selmi et al. 2016). Thus, forecasts are being made

with greater accuracy, geographic precision, and lead

time, which allows people at risk to take appropriate

protective action. Simultaneously, advances in com-

puter simulation and modeling have made it possible to

also include information about the underlying hazards,

as well as about the exposure of the population, so that

warning information can truly inform response (Aitsi-

Selmi et al. 2016).

However, there is a growing list of documented cases

where people do not respond to these warnings. For

example, in 2013, Tropical Cyclone Haiyan struck the

Philippines as a category 5 storm, causing many casu-

alties on top of severe damage to infrastructures and

agriculture. A post-typhoon expert mission report by

the World Meteorological Organization (WMO) high-

lighted that accurate warnings were issued on time by

the meteorological agency for heavy rains and wind, and

the government deployed preparedness plans (WMO

2015a). However, in the communities at risk, the low

level of knowledge, especially about the storm surge,

hindered or delayed evacuations from areas hit by the

cyclone. In developed countries as well, there are

documented cases of people failing to take appropriate

protective action with severe consequences. In 2012,

Superstorm Sandy in the United States was preceded by

accurate forecasts and timely disseminated warnings,

but many people failed to take appropriate action that

experts were hoping to see (National Academies of

Sciences 2017). During deadly tornado outbreaks in

Oklahoma in 2013, thousands of people fled their homes

in cars despite years of messaging about the dangers of

encountering storms in a vehicle (National Academies

of Sciences 2017). Thus, including more information

about impacts and possible behavioral recommenda-

tions could help people to takemore informed decisions.

Some research has examined how responses could be

improved by making it easier or more desirable for

people to engage in self-protective behaviors. For ex-

ample, Sharma and Patt (2012) examined in coastal In-

dia the decision to evacuate to cyclone shelters in

response to warnings; they found that prior experience

with the comfort and quality of the shelter, as well as

with loss of property due to crime in the villages being

evacuated, were major determinants of self-protective

behavior. Other research has focused on the psycho-

logical factors that determine whether people are mo-

tivated to protect themselves at all, and hence how

warnings could address these factors (e.g., Lindell and

Perry 2012; Slovic et al. 2007). In studies of Germans’

decisions to protect themselves from river flooding

events, researchers found people’s subjective self-

confidence in their ability to protect themselves to

make a larger difference than objective indicators, such

as wealth or access to information (Grothmann and Patt

2005; Grothmann and Reusswig 2006). As individual

characteristics of the population receiving the warning

affect warning response, targeting warning messages on

the basis of these social or knowledge characteristics

is another possibility (Mileti and Sorensen 1990). But

perhaps the simplest change would be to alter the con-

tent of the warnings themselves, providing different in-

formation about the hazard that is predicted, the effects of

that hazard, and ways for people to protect themselves.

Mileti and Sorensen (1990) proposed that warning mes-

sages ought to contain five information elements—hazard,

location, guidance, time, and source—in order to be more

helpful. Mileti and Peek (2000) reiterated that effective

warning messages should include clear, specific, accurate,

certain, and consistent information. At the same time,

however, there has been little empirical study examining

the relative importance of these different factors, partic-

ularly in the case of short-term forecasts of high-impact

weather events.

In this paper we focus on the separate and combined

effects of including behavioral recommendations (BRs)

and weather impacts in the information reaching the

general public. In our study, all warnings that contain

impact messaging are named impact-based warnings

(IBWs) and also include all other elements to a message

(such as source, time, or hazard severity). BRs are a set

of actions that experts think are helpful and reflect what

they recommend people to do (or not to do). However,

these recommendations are generally but not univer-

sally recognized to be appropriate when facing severe

thunderstorms. The ‘‘appropriate’’ behavior in response

to warnings may not always be the same behavior, but
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there are better things to do than others. IBWs are de-

signed to express the expected impacts as a result of the

expected weather and provide people with more in-

formation about the hazard and particularly its impacts

(WMO 2015a; Casteel 2016). Including this information

comes at some potential cost, both to the agency issuing

the warning (which needs to analyze these factors) and

to the audience (which needs to take the time to listen to

them); neither is currently common practice. To justify

the added costs of either or both measures, there is a

need to empirically test whether BRs and IBWs, both

separately and in combination, affect the perception of

and behavioral response to warning information. We

hypothesize that both IBWs and BRs, separately or in

combination, could increase the likelihood with which

people take action. We fill important empirical gaps in

the literature and show a large potential for improve-

ments in warning design to lead to greater appreciation

of danger and taking of protective actions.

2. Background

The standard practice in high-impact weather warn-

ings is to describe only the hazard. Current standard

warnings (SWs) focus on the weather phenomenon

itself, rather than the potential effects of the event. Even

though some NMHSs (and also the WMO) have started

to put greater emphasis on the so-called IBWs (WMO

2015a), there are many reasons we can think of for the

continued dominant position of SWs in weather com-

munication. In the following we list some of the authors’

own assumptions. First, SWs require less effort and re-

sources to prepare, for instance in the coordination be-

tween meteorological offices and agencies that are

entrusted with protecting public safety, such as police

and fire departments, which have greater knowledge

of local circumstances, such as specific vulnerabilities

(e.g., to flash floods) or evacuation routes. In fact, the

differences in mandates, roles, and responsibilities be-

tween NMHSs and responding agencies (e.g., the Office

of Civil Protection) in itself are already a major chal-

lenge that makes the generation of IBWs only more

complex. For example, in Switzerland, an NMHS is the

responsible agency to warn about severe weather, but it

is the local or regional authorities that have to provide

behavioral recommendations for very severe events.

So, the responding agencies have to interpret the

warnings (and take account of the related uncertainties),

consult further information (e.g., about the current sit-

uation on the ground), and ultimately reach a decision

(e.g., to evacuate an area), all under significant time

pressure. Second, by only focusing on describing the

hazard itself (i.e., type of hazard, severity, timing, and

location), NMHSs avoid information overload. Third,

SWs guarantee less risk of giving specific information

that is inappropriate for the user. Finally, without giving

clear impact information and BRs, NMHSs avoid criti-

cism of being paternalistic.

At the same time, however, there is an extensive lit-

erature documenting the dangers of NMHSs assuming

users to have the ability to translate hazard forecasts

into appropriate actions, and suggesting that it is im-

portant to have a ‘‘fit’’ between the information and

users’ actual knowledge (Orlove and Tosteson 1999).

Based on the growing list of documented cases where

people do not respond to the standard phenomenon-

based warnings, the WMO has speculated that some

of the human losses are due to people’s inadequate un-

derstanding of the warnings; their background knowl-

edge is less than what would be needed to fully

understand the SWs that NMHSs are communicating

(WMO 2015a). Thus, people lack knowledge that is

needed to translate the information on the weather

phenomenon into an appraisal of risk. As Mileti and

Peek (2000) have noted, ‘‘It cannot be assumed that

the public will know what would constitute an appro-

priate protective action’’ (p. 185). In a study on public

response to an earthquake warning, Mileti and Darlington

(1997) found that the more informative the guidance

people received in a warning message, the more likely

they were to respond to it. Likewise, it cannot be as-

sumed that the public will know what impacts severe

weather can have as they may not be familiar with some

types of hazards or their respective severities. Previous

research underlines that in order to be effective, warn-

ings should describe the exact nature of the threat

(Mileti and Sorensen 1990), provide a source of confir-

mation (Lindell and Perry 2012), and be personally

relevant (Mileti 1999). IBWs used in our study take all

this into account.

Moreover, participants’ sociodemographic or knowl-

edge characteristics affect warning response (Mileti and

Sorensen 1990). Previous work suggests that socio-

demographic characteristics, including gender, age, ed-

ucation, residence area and ownership, risk perception,

and knowledge characteristics, such as experience with

and knowledge of weather and warnings, may all be

associated with differences in protective responses. For

example, in research related to hurricane protective

responses, scholars found that hurricane evacuation

likelihood was higher for female respondents thanmales

(Lazo et al. 2015; Morss et al. 2016). Regarding age,

some studies have shown that older residents are more

likely to evacuate (Morss et al. 2016; Peacock et al.

2011), but others have found contradictory results

(Lazo et al. 2015). In a few studies, higher educational
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level has also been found to correspond to a higher

likelihood of evacuation in case of hurricane threats

(Peacock et al. 2011). With regard to residence area,

people in rural areas showed more adequate coping

behaviors in a crisis situation in the past, compared

to the urban residents, who also tend to be younger.

Likewise, Scolobig et al. (2012) highlight that risk

awareness was significantly higher among those resi-

dents who were living in isolated mountain communi-

ties, compared to urban communities. With respect to

risk perception, Lazo et al. (2015) highlight that several

studies focusing on storms have found that perceived

risk is a primary factor in hurricane evacuation decision

making, even though some did not (Lazo et al. 2015;

Morss et al. 2016). Previous studies in various natural

hazard contexts have shown that people’s previous ex-

periences with a hazard (such as flooding) can influence

risk perception and protective action (Knocke and

Kolivras 2007; Paton et al. 2000; Sharma and Patt 2012;

Siegrist and Gutscher 2006; Wagner 2007). Finally,

previous research has shown that heightened knowledge

of the hazard increases the probability that an individual

will take protective action when a warning is being dis-

seminated (Ripberger et al. 2015b; Sorensen 2000). We

consider these previously studied sociodemographic

characteristics as potential explanatory variables in

this study.

There has been a growing suspicion within the expert

community that providing more specific information

would be beneficial in the specific case of high-impact

weather warnings, but there is very little empirical

testing of this. Based on qualitative interviews with

forecasters, emergency managers, and broadcast mete-

orologists, Losego et al. (2013) andHarrison et al. (2014)

identified IBWs to create an added value as compared to

standard warning information. There are four studies

that provide quantitative evidence, but all have their

shortcomings.

The first study was by Perreault et al. (2014). They

primarily investigated the effects of using fear-inducing

language to describe tornados, although that language

also included a brief mention of impacts and BRs.

Thus, they investigated the additive effect of IBWs. In

more detail, they tested the effectiveness by showing

participants four different experimental stimuli—regu-

lar TV warning messages, new scary TV warning mes-

sages, regular radio warning messages, and new scary

radio warning messages—and observed that behavioral

intentions were not affected by any of the experimental

stimuli. Moreover, they found that regular warning

messages were perceived as more credible than the

impact-based messages. In sum, they found no effect

of IBWs on credibility and no effects on intended

behavioral response. However, they left open the

effects of IBWs on other perception attributes, as well as

the effects of BRs on intended behavioral response.

The second study was by Ripberger et al. (2015b).

They designed and administered a survey experiment

to residents in tornado-prone regions in the United

States to answer the question of whether consequence-

based messages influence public responsiveness to tor-

nado warnings. They found that participants receiving

hypothetical tornado warnings were more likely to take

some sort of protective action as tornado impact de-

scriptions increased in severity. However, they also

identified a threshold beyond which increasing the

projected impact of a storm no longer significantly in-

creases the probability of taking protective action.

Thus, at lower levels of projected impact, increases in

the projected consequences of the storm increased the

probability to take protective action, whereas at higher

levels of projected impact this relationship reverses.

Moreover, their results indicate that the respondents

who know more about tornadoes were a bit more likely

to opt for protective action than respondents who are

less knowledgeable. However, they left unresolved the

effects of BRs, and also of IBWs on perception and

understanding of warnings.

The third study was by Casteel (2016). He too used

a randomized control survey design, focusing on tor-

nado warnings as a case, with respondents in the hy-

pothetical role of a factory operator having to decide

whether to order workers to take shelter, in response to

two types of warnings, IBWs and SWs. He included the

BRs to seek shelter in all warnings and investigated

the additive effect of IBWs. He found that decisions

did not significantly differ between the IBWs and the

SWs at decision point 1 (occurring when the two ver-

sions of the warning presented the same information).

However, at points 2 (when hazard, source, and impact

information were presented in the IBWs, but absent

in the SWs) and 3 (at the end of the warnings), IBWs

produced higher likelihoods of sheltering in place

compared to SWs. Thus, he found the additive effect of

IBWs and BRs to have an influence on the intended

behavioral response. He also tried to account for

knowledge differences but found that the pattern of

intended response did not differ between the two

groups that were studied (undergraduate students in

psychology or communication and graduate students

in emergency management), suggesting that the en-

hanced text used in the IBWs is clear and under-

standable to a large audience. His study left open the

effects of BRs, and also of IBWs on perception. As

participants were only students, the generalization of

results is also questionable.
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The fourth study has been by Potter et al. (2018). They

conducted an online survey in New Zealand to in-

vestigate the public’s perceptions and intended protective

actions in a hypothetical severe weather event involving

strongwinds. They examined the effects of adding impact

information to warnings lacking BRs and examined the

effects on both perception and intended behavioral re-

sponse. They found an effect of IBWs on perception. The

authors reported that IBWs make it easier to understand

possible effects of the weather event, make the event

more threatening, and make recipients more concerned

about the event, in comparison to those who received

SWs. However, they reported that there was no signifi-

cant difference in perceptions of credibility of the mes-

sage. Regarding intended behavioral response, they

found an effect of IBWson information seeking behavior.

Interestingly, participants who received the IBWs were

significantly more likely to state that they would check

other information sources for confirmation or advice than

those who received SWs. They also found an effect

on the likelihood to take nonprotective behavior.

People who received SWs were more likely to ‘‘do

nothing differently’’ (i.e., to engage in a dangerous

behavior) than those people who received IBWs.

However, they did not find an effect of IBWs on

increasing actual protective behavior. They leave

open the effects of BRs. Moreover, the positive in-

tended protective actions they investigated, for

which they found no significant effect of IBWs, were

primarily geared toward mitigating damage to

property (such as driving more carefully or securing

loose items) and also avoiding possible high-risk

activities (such as avoiding outdoor work or activi-

ties), rather than actively seeking safety for oneself.

This leaves open the question whether such behavior

would also not be affected by IBWs.

Following the four studies on IBWs, then, two ques-

tions remain ambiguous or unexamined. First, do both

BRs and IBWs have effects, and what are their relative

magnitudes? Second, are effects to be found on both

perception and understanding, as well as intended be-

havioral response? Like Potter et al. (2018), we make

use of self-reported intended responses to a hypotheti-

cal and imagined situation. As we describe in more de-

tail in the next section, we answer these questions with

a multimethod study, which we have conducted in our

home country of Switzerland, focusing on people’s

responses to warnings of severe thunderstorms. Thun-

derstorms are an important high-impact event in

Switzerland (BABS 2015). These storms develop rapidly

and can be destructive and deadly. In Switzerland, each

year people get harmed or killed by lightning strikes

(BABS 2015, 2013). Thunderstorms also often evolve

with substantial variability and uncertainty in impacts.

Beside hail and lightning strikes, flash flooding can be

a significant source of danger, especially in small moun-

tain creeks or heavily urbanized and sealed surfaces,

and cause significant damage (MeteoSwiss 2018). In

spite of the most up-to-date tools and methods, it is

currently not possible to issue several hours’ warnings of

the strength, timing, and location of severe thunder-

storms (MeteoSwiss 2018). Thus, timely warning and

protective decision-making are critical in case of a

thunderstorm threat and, in particular, effective com-

munication of actionable information about the hazard.

3. Methods

Our primary method was a large sample randomized

control survey, where we tested for the separate and

combined effects of IBWs and BRs on perception and

intended behavioral response. We also supplemented

this with qualitative interviews with experts in the same

country, to verify that there is a perception in that ex-

pert community of the importance of IBWs and/or BRs,

and also to see if our survey results in any way contra-

dicted expert belief.

For the qualitative piece, we conducted 16 semi-

structured interviews with stakeholders involved in the

natural hazard warning chain in Switzerland. To recruit

the interviewees, we used the snowball sampling tech-

nique (Flick 2002; Mayring 2002; Lamnek 2005). We

identified MeteoSwiss as the key contact as they are

the official warning authority for severe weather events

in Switzerland. They provided us with numerous con-

tacts (e.g., weather forecasters, cantonal officials), which

then again helped to recruit more interviewees. More-

over, we also actively contacted people/organizations

that we found could provide relevant input and that

were not identified by the initial interviewees (such

as private sector meteorology or insurance companies).

Thus, in the end we had (to our estimate) a fair rep-

resentation of different stakeholders with different

viewpoints and who represented the entire weather

information value chain; from the weather (monitor-

ing, observation, modeling, and forecasting) to the

dissemination of information, the perception, the in-

terpretation, and, ultimately, the information use and

decision-making. The interviewees in the different

organizations were selected on the basis of their ex-

perience and knowledge of the warning system. All

interviewed people had a leading or coordinating role

within their organization and were linked directly or

indirectly to the weather warning chain. In more detail,

they included officials in MeteoSwiss (crisis manage-

ment, forecasting unit, communication management)
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and in other organizations dealing with risk and emer-

gency management at cantonal and federal level (e.g.,

federal civil protection agency, cantonal and federal

environmental agencies), as well as local decision-

makers (e.g., Office of Waste, Water, Energy and Air in

Zürich), together with university professors, research

institutes involved in the warning process (e.g., the Swiss

Seismological Service or the Institute for Snow and

Avalanche Research), insurance companies providing

warning information, and private sector meteorology.

Participants were first contacted via e-mail, in which

they were informed about the purpose and nature of our

research and why they were selected for participation.

The interviews followed a protocol, developed accord-

ing to the state of the art in the literature (Flick 2002;

Mayring 2002; Schnell et al. 2011; Lamnek 2005). The

protocol was used as guidance and included questions

about the warning system in general, the interviewees’

expertise on high-impact weather events, their roles in

the weather value chain and warning process, their

perspectives about problems and solutions, and the

economic framework for information processing and the

evaluation of information, among others. All interviews

were conducted in person at the office of the respondent.

The length of interviews ranged from 46 to 120min (on

average 75min). The interview length had no effect on

the content of the interviews (as all topics were ad-

dressed in each interview). Notes were taken during

and after each interview and all interviews were

recorded with the permission of the participants. The

interview transcripts were categorized into different

topics and key challenges that depicted the strengths

and weaknesses of the warning system in Switzerland.

No specific software was used for data analysis.

For the quantitative element, we conducted a survey

containing 22 questions based on a decision scenario.

The thunderstorm scenario was placed at the beginning

of the survey. Respondents were asked to imagine that

it is 2 p.m. on a Sunday and that they would be walking

in the countryside in the foothills of the Jura Moun-

tains, when they get a thunderstorm warning message

on their smartphone. While we considered and pre-

tested many options for the hypothetical scenario

(moving an outdoor picnic indoors, taking a bicycle to

work, going for a walk in the woods, etc.), we used the

‘‘hiking’’ scenario because it (i) was simple, straight-

forward, and realistic, (ii) forced people to face a real

threat taking them out of their comfort zone, and (iii)

required people to make the decisions on their own

(unlike in a scenario at work, where the employer could

intervene).

The 1219 respondents completed the survey from

23 November to 2 December 2017. Respondents were

recruited through the access panel provider Respondi to

participate in an online survey. Prior to the survey and

the interviews, participants were informed about the

ongoing research, that the data was evaluated anony-

mously (names were not collected), and that their

participation was voluntary. Participants received a fi-

nancial incentive to complete the survey, which took

them on average about 9min and 2 s. Because of un-

realistically short answering times, we excluded answers

of 98 respondents from analysis, leading to 1121 re-

spondents.We conducted the survey (in German) with a

sample of the Swiss population in the German-speaking

cantons (see Fig. 1). Respondents ranged in age from

15 to 86 years [mean (M) 5 48.54, standard deviation

(SD) 5 16.40; n 5 591 (52.7%) were female]. The

majority of respondents completed vocational school

(44.4%, n 5 498), followed by college or university ed-

ucation (17.8%, n 5 200), with 7% indicating at least

some compulsory education. Compared to the average

Swiss population, the sample was slightly older than

the average (M 5 43.14 yr), similar for the gender ratio

of female (50.5%) and male (49.5%) (FSO 2017a)

and slightly more educated than the Swiss population

(more respondents with higher vocational training or

university degree and fewer respondents who only

completed compulsory school) (FSO 2017b). How-

ever, as the survey was conducted online, based on the

people registered in the database of the online panel, it

did not reach people who do not have Internet access or

are not in the data pool. Therefore, the results of the

research should not be taken as being representative

of the Swiss German population. Nevertheless, they

can be an indication of the opinions of the users of

online weather warnings.

We randomly assigned respondents to one of four

warnings types described in Table 1 (SW; SW with BR;

IBW; IBW with BR), achieving roughly even sub-

groups out of the total sample size of 1219. Table 2 de-

scribes the specific messages for the separate groups.

These were based on current warning information

of MeteoSwiss (element A in Table 2) and adapted

with publicly available information (elements B and C)

that is provided on the MeteoSwiss website (http://

www.meteoswiss.admin.ch) and the Natural Hazards

Portal (http://www.natural-hazards.ch), which is run by

a consortium of federal agencies. The BRs are repre-

sentative for the kind of information that experts

agree one could give in these situations. Experts (fore-

casters and other staff of MeteoSwiss) had reviewed

the warning messages for plausibility. Thus, the mes-

sages reflect reality and could be disseminated in a

similar form and content (given the same hazard se-

verity) in the near future.
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We asked questions on two sets of dependent vari-

ables: perception and understanding (five attributes) as

well as intended behavioral response (five attributes).

Perceptions measured were credibility (‘‘I believe the

message to be credible’’) and concern (‘‘The warning

makes me concerned for my safety’’). We also collected

data on three types of understanding: the warning

(‘‘The warning is clear and easy to understand’’), the

threats to safety (‘‘Based on the warning I understand

the threats to my safety’’), and how to respond (‘‘Based

on the warning it is clear to me how I should modify my

behavior, if necessary’’). The five intended behavioral

responses included a strong risk minimizing behavior

(‘‘I immediately interrupt the hike and take care of

my safety’’), a weak risk minimizing behavior (‘‘I con-

tinue with the hike, but avoid potential dangers and

make sure that a suitable shelter can always be reached

quickly’’), and a nonprotective action (‘‘I would not al-

ter my plans because of the information’’), as well as two

information-seeking behaviors (‘‘I check out other in-

formation sources via my smartphone for confirmation

or advice’’ and ‘‘I pay close attention to the sky, wind,

and sounds of possible thunder’’). Participants indicated

how much they agreed or disagreed on a five-point

Likert scale from ‘‘totally disagree’’ to ‘‘totally agree’’

with each of these positively framed statements.We also

gathered data on personal factors including risk per-

ception, experience, knowledge, and other social and

demographic factors. To collect the data about risk

perception, participants had to indicate how strongly

they agreed or disagreed with four statements that

thunderstorms could pose a threat to 1) their personal

safety, 2) the safety of their friends and families, 3) their

property, and 4) their daily life. This scale was similar

to the one used by Prior (2010) and yielded good in-

ternal consistency (Cronbach’s alpha 5 0.87, N 5 4). A

thunderstorm risk perception variable was computed

based on the four items (by calculating the average).

The full questionnaire is available in the online supple-

mental material.

We performed the data analysis using IBM SPSS

software, version 22, used for statistical analysis in social

science. We conducted one-way analyses of variances

(ANOVAs) to study the effects of IBWs and BRs on

intended behavioral response and respondents’ per-

ception of warning information. An average sample of

FIG. 1. Map of Switzerland with the four language regions.

TABLE 1. Four warning types.

Behavioral recommendations

No Yes

Impact information No SW (standard warning) SW 1 BR (standard warning plus behavioral

recommendations)

Yes IBW (impact-based warning) IBW 1 BR (impact-based warning plus

behavioral recommendations)
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n 5 280 respondents per experimental condition satis-

fied requirements for ANOVAs. Moreover, we con-

ducted one-way ANOVAs to include risk perception,

knowledge, experience with warnings, and with thun-

derstorms, as well as relevant demographic variables

(age, gender, education, urban/rural) as a covariant. In a

further step, we realized a series of two-way ANOVAs

to study possible interaction effects of warning type

and participants’ characteristics (knowledge, experience,

and other sociodemographic variables) on the depen-

dent variables mentioned above. In addition, we con-

ducted a series of multiple regression analyses to

investigate the effects of perception and understand-

ing of the warning information, along with risk percep-

tion, hazard and warning experience, thunderstorm

knowledge, whether people have already reacted to

warnings in the past, gender, age, level of education, and

living area, on the intended action ‘‘interrupt the hike.’’

4. Results

Qualitative interviews with experts involved in the

natural hazard warning chain underlined the suspicion

within the expert community that providing more spe-

cific impact information would be beneficial in the case

of high-impact weather warnings. The majority of the

stakeholders thought that IBWs and BRs may be espe-

cially helpful for the public and increase the overall

understanding and right interpretation of warnings.

They thought that in order to be helpful in taking

appropriate actions, warnings should focus on ‘‘impacts

and recommendations, instead of warning categories’’

(staff from MeteoSwiss). In addition, they highlighted

the need for IBWs and BRs in order to ‘‘help people

understand the difference between different warning

levels, e.g. a significant and severe hazard’’ (weather

forecaster from the private sector meteorology). Many

experts also depicted the problems with current warn-

ings and the potential benefits of IBWs and BRs in

describing a frequent wrong behavior during thunder-

storms: most people believe that one has to protect

the window from the hail that can accompany thunder-

storms and therefore let the shutter down, although

the opposite reaction would be the right one [‘‘metal

shutters, which can dent, are more often damaged by

hail than are glass windows’’ (staff from insurance

TABLE 2. Four different thunderstorm warning messages: SW, element A; SW1BR, elements A and C; IBW, elements A and B; IBW1
BR, elements A, B, and C.

Element A

Thunderstorm; severity; category 4

Validity: 2:30–6 p.m. 24 Aug 2017

Type of thunderstorm: Thunderstorm line

Movement: Pulling from southwest

Particularly affected areas: Pre-Alps

Accompanying factors: Wind gusts .120 km h21, hail 2–4 cm, heavy rain . 50mmh21

Element B

Thunderstorm: In the case of rapidly developing thunderstorms, you have to expect strong wind gusts, as well as hail. Heavy wind often

occurs before lightning activity and heavy rain showers

Source: Radar images

Possible impacts:

Flash flooding of streams

Toppling of trees

Possibility of landslides on steep slopes

Damage from hail and lightning strikes

Failure of drainage and sewer systems; flooding of underpasses, underground garages and cellars

Disruption to road, rail, and traffic

Danger to vessels on lakes from very strong gusts of wind arising rapidly without warning

Element C

General recommendations during a thunderstorm:

Avoid mountain ridges, exposed trees, groups of trees, masts and towers, all of which are at risk of lightning strikes

Seek shelter in a building or car (acts as a Faraday cage)

If there is no shelter in sight, assume a crouched position

Do not go hiking in the mountains and renounce to all outdoor activities

Stay away from metal objects and water

If a thunderstorm takes you by surprise when swimming, get out of the water immediately

Drive slowly on flooded stretches of road, or avoid these altogether

Avoid stream beds and steeply inclined slopes
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company)]. Thus, information should focus on IBWs

and BRs, instead of on the weather phenomenon itself

and the respective warning category. However, some

experts (such as weather forecasters), but especially

those from the cantonal (i.e., regional and local) ad-

ministrations, raised two main concerns. First, a mes-

sage that presents too general information regarding

impacts and behavioral recommendations could have

negative impacts on the credibility of the warning mes-

sage and thus of the weather provider. For example, one

expert mentioned that too general recommendations

could lead people to ‘‘ignore the warning’’ (weather

forecaster from private sector meteorology). Second,

too much information might overwhelm the recipients

and people may not understand it. One practitioner

said, for instance, that ‘‘we have to be careful with

providing additional information on impacts, which

may be too complicated or not adhere to the local cir-

cumstances’’ and highlighted that one has to ‘‘find the

right balance between too much information and too

little information’’ (cantonal official). To summarize, we

identified a perception in the expert community of the

importance of IBWs and/or BRs, as well as some con-

cerns. In the following we will see if our survey results

in any way contradicted expert beliefs (i.e., the con-

cerns about understanding and perception of warning

information).

Moving to the quantitative results from the survey

instrument, we start by examining the relationship

between warning type and the perception variables.

Figure 2 shows the effects of IBWs and BRs on all five

perception attributes, and these are very similar: warn-

ing perception is lowest among those who received

SWs and highest among those who received IBWs with

BRs, whereas SWs with BRs perform better in terms

of perception than IBWs without BRs. In general,

the effect of warning type was highly significant on all

five variables: clarity of information [F (3, 1105) 5
7.32, p , 0.001, r 5 0.14]; credibility of information

[F (3, 1103) 5 3.96, p 5 0.008, r 5 0.1]; level of concern

[F (3, 1117) 5 7.65, p , 0.001, r 5 0.14]; understanding

of threats to participants’ safety [F (3, 1112) 5 15.41,

p, 0.001, r5 0.20]; and understanding how to respond

to the information [F (3, 1109) 5 19.16, p , 0.001, r 5
0.22] (using the Holm–Bonferroni method to control

for the familywise error rate for multiple hypothesis

tests). Likewise, we also observed highly significant

linear trends.

As we document in more detail in Table 3, for all the

five variables, planned contrasts revealed that those

participants who received SWs reported the informa-

tion to be less clear and easy to understand, and less

credible; furthermore, recipients were less concerned

about their safety and less understood the threats to

their safety and how to respond to the information

compared to those who received a warning with infor-

mation about behavioral recommendations or impacts

or both. In addition to the contrasts provided in Table 3,

we did an extra test comparing SWs with SWs 1 BRs.

Bonferroni post hoc testing showed that respondents

who received the SWs reported finding the warning less

clear (M 5 4.07, SD 5 0.73) and less understood the

FIG. 2. Mean perception of warning information for all four warning types. Bars indicate

how much participants agreed or disagreed on a five-point Likert scale from ‘‘totally dis-

agree’’ to ‘‘totally agree’’ with each of the five perception attributes. Error bars indicate the

95% confidence interval.
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threats to their safety (M5 3.92, SD5 0.76) and how to

respond to the warning (M5 3.83, SD5 0.84) compared

to those who received the SWs1 BRs (M5 4.25, SD5
0.61), p5 0.010, respectively (M5 4.21, SD5 0.63), p,
0.001, and (M5 4.17, SD5 0.66), p, 0.001. Thus, there

is an individual effect of BRs on these three percep-

tion attributes. We also found an additive effect of BRs

and IBWs on improving perception/understanding

across all five attributes as shown in Table 4.

Similarly, for the second contrast in Table 3, partici-

pants who received IBWs reported the information as less

clear and less easy to understand, and they less understood

the threats to their safety and how to respond to the in-

formation, compared to those who received a warning

with information about BRs. Again, beside the planned

comparisons, some additional Bonferroni post hoc testing

showed that respondents who received the IBWswere less

concerned (M5 3.50, SD5 0.95) and less understood the

threats to their safety (M 5 4.05, SD 5 0.73) and how to

respond to the warning (M5 3.95, SD5 0.74) compared

to those who received the IBWs 1 BRs, p 5 0.037,

respectively, p , 0.001, and p , 0.001 (M and SD in

Table 4). Moreover, we find that those who received the

SWs1BRs better understood the threats to their safety

(M 5 4.21, SD 5 0.63) and how to respond than those

who received IBWs (M 5 4.05, SD 5 0.73), p 5 0.030,

respectively (M 5 3.95, SD 5 0.74), p 5 0.003.

The third planned contrast, comparing SWs1 BRs to

IBWs 1 BRs, was nonsignificant for four of the five

variables but not for the concern perception [SWs 1
BRs (M 5 3.54, SD 5 0.98) vs IBWs 1 BRs (M 5 3.74,

SD 5 0.96), p 5 0.014, Cohen’s d 5 0.21]. Thus, this

indicates that there is an effect of IBWs on feelings

of concern evoked by the warnings. Bonferroni post

hoc testing for the five perception and understanding

attributes was not significant. So, there is no difference

in the influence of SWs on perception and understand-

ing of warning in comparison to IBWs. Including thun-

derstorm knowledge and warning and thunderstorm

experiences, as well as sociodemographic variables, as

covariants did not alter the significance of the differ-

ences in warning type. However, some covariables had

a significant influence on warning response alone. As

results were very similar for all the five perception and

understanding attributes, we summarized the influence

of participants’ characteristics below. People with posi-

tive past warning experience (i.e., they received correct

warnings), females, and older people perceived and

understood the warnings, on average, better than those

with negative warning experience (i.e., warnings were

incorrect) [t(1114) 5 3.29, p 5 0.001, r 5 0.10], males

[t(1114)5 3.59, p, 0.001, r5 0.11], and younger people

[t(1114) 5 6.71, p , 0.001, r 5 0.20].T
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The next set of relationships we examined was be-

tween perception and intended action. Three of the

perception attributes correlate with the action ‘‘inter-

rupting the hike.’’ Table 5 shows that irrespective of

warning type received, perceptions of credibility and

concern, as well as understanding the threats to their

safety, influence taking the intended risk-minimizing

behavior, as do risk perception and whether people

have already taken action in response to warnings in

the past. First, the higher the risk perception, the higher

the likelihood to interrupt the hike (a unit increase in

risk perception predicted a 0.058 unit increase in inter-

rupting the hike). Second, when people already reacted

to warnings in the past, they are more likely to interrupt

the hike (by 0.298 compared to people who have not

reacted). Moreover, two perceptions and three variables

related to the understanding of information showed

significant effects: believing the message to be credible

(b 5 0.119), being concerned about one’s safety (b 5
0.343), and understanding the threats (b 5 0.146).

Finally, we examined the relationships between warn-

ing type and intended action. The upper line in Fig. 3

represents the strong risk minimizing behavior ‘‘interrupt

the hike’’ and shows a linear trend [F (1, 1117) 5 18.94,

p , 0.001, r 5 0.13], indicating that as the warnings

provide more information, the likelihood to stop the hike

increased proportionately, whereas IBWs alone have a

greater effect than BRs alone on interrupting the hike.

The effect of warning type was significant [F (3, 1108) 5
6.80, p, 0.001, r5 0.13]. Planned contrasts revealed that

those participants who received a SW (M 5 3.86, SD 5
1.05) reported being less likely to interrupt the hike than

those who received a warning with information about

behavioral recommendations or impacts or both [M 5
4.06, SD 5 0.93, t (1108) 5 2.93, p 5 0.004, Cohen’s d 5
1.31]. As an additional test, Bonferroni post hoc testing

showed that respondents who received the SWs (M 5
3.86, SD 5 1.05) had a significantly lower likelihood to

interrupt the hike compared to those receiving IBWs 1
BRs (M5 4.22, SD5 0.85), with p, 0.001. Thus, there is

an additive effect of BRs and IBWs on taking the intended

action of interrupting the hike. The second planned con-

trast showed that those people who received the

SWs 1 BRs (M 5 3.95, SD 5 1.00) were less likely to

interrupt the hike than those who received either one of

the IBWs (M 5 4.11, SD 5 0.88), t (1108) 5 2.39, p 5
0.017, Cohen’s d 5 0.18. According to Bonferroni post

hoc testing, respondents who received the SWs 1 BRs

TABLE 5. Multiple linear regression with the risk-minimizing behavior ‘‘interrupt the hike’’ as the dependent variable. Note: R2 5 0.33

(p , 0.001); two asterisks refers to p , 0.01, three asterisks refers to p , 0.001. We controlled for the familywise error rate for multiple

hypothesis tests by using the Holm–Bonferroni method. Significant results are in boldface;B indicates the unstandardized coefficients, SE

the standard error, and b the standardized coefficients.

B SE B b

Constant 1.419 0.273

Gender (male 5 0; female 5 1) 0.056 0.034 0.057

Age (yr) 0.002 0.002 0.035

Education level 20.045 0.020 20.078

Living area (rural 5 0; urban 5 1) 20.027 0.033 20.028

Risk perception (1–5 scale) 0.058 0.016 0.128***

Thunderstorm experience (no, do not know 5 0; yes 5 1) 20.023 0.021 20.039

Warning experience (scale from only bad 5 0 to only good 5 1) 0.088 0.059 0.054

Warning reaction (no 5 0; yes 5 1) 0.298 0.073 0.149***

Thunderstorm knowledge (scale from none 5 0 to full 5 1) 20.220 0.179 20.043

Understanding the warning (1–5 scale) 20.028 0.061 20.021

Credibility perception (1–5 scale) 0.166 0.061 0.119**

Concern perception (1–5 scale) 0.334 0.038 0.343***

Understanding the threat (1–5 scale) 0.193 0.063 0.146**
Understanding how to respond (1–5 scale) 20.083 0.055 20.069

TABLE 4. Additive effect of BRs and IBWs on perception and understanding of warning information.

Measure SWs (M, SD) IBWs 1 BRs (M, SD) p value

Understanding the warning M 5 4.07, SD 5 0.73 M 5 4.33, SD 5 0.66 p , 0.001

Credibility perception M 5 4.11, SD 5 0.62 M 5 4.28, SD 5 0.61 p , 0.001

Concern perception M 5 3.34, SD 5 1.02 M 5 3.74, SD 5 0.96 p , 0.001

Understanding the threat M 5 3.92, SD 5 0.76 M 5 4.29, SD 5 0.64 p , 0.001

Understanding how to respond M 5 3.83, SD 5 0.84 M 5 4.26, SD 5 0.71 p , 0.001
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(M 5 4.06, SD 5 0.93) had a significantly lower likeli-

hood to interrupt the hike compared to those that re-

ceived the IBWs 1 BRs (M 5 4.22, SD 5 0.85), p 5
0.005. Thus, there is an individual effect of IBWs on

performing the strong risk minimizing behavior. Fi-

nally, in the last contrast, we observed IBWs with BRs

(M 5 4.22, SD 5 0.85) to result in an even higher like-

lihood to interrupt the hike compared to IBWs without

BRs (M 5 4.01, SD 5 0.91), t (1108) 5 2.53, p 5 0.012,

Cohen’s d 5 0.23. Thus, there is an effect of BRs on

performing the strong risk minimizing behavior.

The nonprotective behavior ‘‘not alter plans’’ and the

more risk maximizing behavior ‘‘continue the hike but

avoid potential dangers’’ (i.e., to engage in dangerous

behaviors) are represented by the two bottom lines in

Fig. 3. Results show that the people who received

SWs are more likely to engage in a dangerous behavior

than those people receiving SWs 1 BRs, IBWs, or

IBWs 1 BRs, and that those who receive IBWs 1 BRs

are least likely to not change plans. While the effect of

warning type was significant for the nonprotective be-

havior ‘‘do not alter plans,’’F (3, 1093)5 3.95, p5 0.032,

r 5 0.10 [with a significant linear trend, F (1, 1093) 5
10.38, p 5 0.001, r 5 0.10], planned contrasts showed

that compared to SWs (M 5 2.00, SD 5 1.04) having

any extra information in the warnings (so either BRs

or IBWs or both) (M 5 1.80, SD 5 0.87) significantly

decreased the likelihood to not alter plans, t (1093) 5
23.11, p5 0.002, Cohen’s d5 0.21. As an additional test,

Bonferroni post hoc testing revealed that respondents

who received the SWs (M 5 2.00, SD 5 1.04) had a

significantly higher likelihood to not alter plans com-

pared to those who received IBWs 1 BRs (M 5 1.74,

SD 5 0.90), p 5 0.004. Thus, there is an additive effect

of BRs and IBWs on avoiding nonprotective behavior.

When controlling for the familywise error rate using the

Holm–Bonferroni method, the effect of warning type

on the behavior ‘‘continue the hike but avoid poten-

tial dangers’’ became insignificant, F (3, 1117) 5 2.87,

p 5 0.105, r 5 0.09.

Third, the dashed lines in Fig. 3 show the changes

in the two information-seeking behaviors ‘‘check out

other information sources’’ and ‘‘pay close attention to

the environment’’. IBWs and BRs had no effect on

whether participants were more or less likely to seek

information, with respective values of F (3, 1117)5 1.49,

p 5 0.215 and F (3, 1117) 5 1.27, p 5 0.283.

Including thunderstorm knowledge and warning and

thunderstorm experiences, as well as sociodemographic

variables, as a covariant did not alter the significance of

the differences in warning type. However, some cova-

riables had a significant influence on warning response

alone. First, people who are less knowledgeable about

thunderstorms, males, and people who have not reacted

to prior warnings are more likely to not take action

compared to those with more knowledge [t(1094) 5
22.15, p 5 0.032, r 5 0.07], females [t(1094) 5 23.45,

p5 0.001, r5 0.10], and people with warning experience

[t(1094)524.48, p, 0.001, r5 0.13]. Second, males are

also more likely to continue the hike while adapting to

FIG. 3. Mean likelihood to engage in different behaviors for all four warning types. Lines

indicate how much participants agreed or disagreed on a five-point Likert scale from ‘‘totally

disagree’’ to ‘‘totally agree’’ with each of the five behavioral responses. Solid lines represent

the more or less risk minimizing behaviors, dashed lines represent information seeking ac-

tions. Error bars indicate the 95% confidence interval.
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the circumstances compared to females [t(1118)523.33,

p 5 0.001, r 5 0.10].

Third, people who have higher education levels,

females, older people, and people who have reacted

to prior warnings are more likely to interrupt the

hike compared to those with lower education levels

[t(1109) 5 23.00, p 5 0.003, r 5 0.09], males [t(1109)5
4.70, p , 0.001, r 5 0.14], younger people [t(1109) 5
2.41, p 5 0.016, r 5 0.07], and people with warning

experience [t(1109)5 3.40, p5 0.001, r5 0.10]. Fourth,

females, younger people, and people who have reacted

to prior warnings are more likely to seek informa-

tion compared to males [t(1118) 5 3.22, p 5 0.001, r 5
0.10], older people [t(1118)523.63, p, 0.001, r5 0.11],

and people with warning experience [t(1118) 5 2.30,

p 5 0.021, r 5 0.07]. Moreover, two-way ANOVAs

showed no significant interaction effects between

warning type and these individual characteristics of

participants.

5. Discussion

Impact-based warning and behavioral recommenda-

tions both increase warning perception and improve

intended behavioral response, with effects that are ad-

ditive. The ordering between IBWs and BRs differed

according to perception or intended behavioral re-

sponse. BRs alone have a greater effect than IBWs alone

in increasing perception, whereas IBWs alone have a

greater effect than BRs in promoting intended behav-

ioral response.

Our study of warning perception and understanding

included five attributes (perceptions of credibility and

concern, and understanding of the warning, the threats

to safety, and how to respond), three of which correlate

with the risk minimizing action ‘‘interrupt the hike.’’

Irrespective of warning type received, perceptions of

credibility and concern, as well as understanding of

threat, influence interrupting the hike, as do risk per-

ception andwhether people have already taken action in

response to warnings in the past. These findings confirm

other research results. Credibility of official warnings

has shown to affect warning response (Ripberger et al.

2015a). High levels of fear have been found to be an

influencing factor in prompting behavioral response

(Sutton et al. 2018). As Lazo et al. (2015) highlight,

several studies focusing on storms have found that per-

ceived risk is also a primary factor in taking decisions to

evacuate an area. Recommendations for practitioners

that can be derived from these findings are that they

have tomake sure that thewarnings are clear and easy to

understand, and that they evoke feelings of concern and

make people understand the threats to their safety,

which can be stimulated by including additional impact

and/or behavioral information into the warnings.

The combined effects of IBWs and BRs are on all five

perception attributes. When only one piece of infor-

mation is given, BRs have a significant effect, but IBWs

do not. First, we found an individual but overall non-

significant effect of IBWs (except for perceptions of

concern). This finding does not support the findings of

Potter et al. (2018), as they identified a significant effect

of IBWs alone on perception. Second, we found an in-

dividual significant effect of BRs. Recipients of warnings

that included information about BRs reported finding

the warning clearer and easier to understand than re-

cipients of warnings without these recommendations.

They were also more concerned about their safety and

better understood the threats to their safety and be-

haviors to engage in. Finally, IBWs and BRs together

had the greatest effect on improving perception and

understanding (on all five attributes). However, mes-

sage length could also be an influencing factor, resulting

in higher perception and understanding levels for

IBWs 1 BRs (i.e., the longest message). For example,

Sutton et al. (2018) have found that longer messages

including information about the location of impact,

threat-associated risks, and recommended protective

actions were associated with better message under-

standing and quicker intended response.

Intended behavioral responses included more or

less risk-minimizing behaviors, continuing with a non-

protective action, and also seeking information actions.

There were individual and additive effects of both

IBWs and BRs on the positive intended action, a com-

bined effect of IBWs and BRs on negative intended

actions, and no effect on seeking intended information

actions. First, we observed that IBWs, with or without

BRs, resulted in a higher likelihood of interrupting

the hike compared to SWs both with and without BRs.

Our findings add to the body of literature on this topic;

they complement the results of Casteel (2016), but not

of Perreault et al. (2014) and Potter et al. (2018). At the

same time, we also observed IBWs with BRs to result

in an even higher likelihood of taking intended posi-

tive action compared to IBWs without BRs. Second,

we found that recipients of SWs were more likely to

not alter plans compared to the other three warnings

with enhanced information and especially those with

IBWs 1 BRs, which confirms earlier findings of Potter

et al. (2018). Third, unlike Potter et al. (2018), we found

no significant effect of IBWs or BRs on seeking more

(or less) information. This may be due to the fact that

BRs, which add more information, were absent in the

warning messages used in the study of Potter et al.

(2018). In sum, if practitioners expect recipients of
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warning information to engage in risk-minimizing

behaviors (i.e., to evacuate an area), then they should

focus on disseminating information that contains both

IBWs and BRs (e.g., in very severe weather warnings).

However, we have to bear in mind that many NMHSs

are responsible to warn only for severe weather events.

Giving recommendations is often the responsibility of

the national or regional civil protection agencies. For

example, in most cantons in Switzerland it is either the

firemen or the policemen who have to provide the

population with recommendations as they are the ones

with the best local knowledge, and thus are expected to

know the potential impact. Integrating BRs into warn-

ing messages will therefore need to ensure that weather

forecast and impact related uncertainty is taken into

account and communicated appropriately, and to also

guarantee that time delays due to consultation are kept

as small as possible.

Differences between individuals (personal experience

with weather hazards, level of knowledge about weather

hazards, age, education, gender, urban/rural) had no

significant interaction effects on either perception or

intended behavioral response. This complements the

results of Casteel (2016), who found that knowledge had

no effect on decision-making in response to warnings.

However, some of these personal characteristics had an

influence on warning response, warning perception, and

understanding. Similar to previous research on hurri-

cane evacuation likelihood (Lazo et al. 2015;Morss et al.

2016), we found that females are more likely to interrupt

the hike (and less likely to take no action) than males.

Females also perceive the warnings to be more credible,

are more concerned for their safety, and understand the

warning, the threats to safety, and how respond to them

better than males do. Potter et al. (2018) also found an

influence of gender on credibility, but do not for the

concern perception. In terms of age, we found that the

older people are more likely to interrupt the hike, which

confirms prior research (Morss et al. 2016; Peacock et al.

2011). Like Potter et al. (2018), we also found that per-

ceptions of credibility and concern are higher among

older people. Moreover, warning experience signifi-

cantly influenced waning response. People with positive

warning experience also perceived the warnings more

positively and people who have already reacted to prior

warnings were more likely to interrupt the hike and less

likely to not change behavior. This confirms general

research that experience positively influences taking

protective action (e.g., Sharma and Patt 2012). Educa-

tion levels, knowledge, and residence area had only a

very weak or no influence on warning response.

The consequences of our results for practitioners are

twofold. First, they are an encouraging sign as they

suggest that IBWs and BRs are clear and understand-

able, and evoke feelings of concern and make people

understand the threats to their safety regardless of

the target audiences’ sociodemographic characteristics

or their knowledge and experience with weather and

warnings. Second, it may well be that targeting warning

messages on the basis of some individual characteristics

of the recipients, as literature and best practices suggest

(e.g., NOAA 2016; Lindell and Perry 2012), is not as

important as providing clear IBWs and BRs. Whereas

experts were concerned about information overload, it

appears that in all cases providing more information

only helps. First, people understood the warnings: those

warnings with most information (namely IBWs 1 BRs)

were perceived as the clearest and easiest to understand

among the four warning messages and also people bet-

ter understood the threats to their safety and how to re-

spond to the warning. Second, there is no evidence that the

quite general information reduces trust in the warnings as

IBWs1BRswere believed to bemost credible and people

were most concerned about their safety.

Our results extend our knowledge compared to pre-

vious studies in terms of removing ambiguity about

whether it is IBWs or BRs that matter, and whether

the effects are on perception or intended behavioral

response: we show benefits in all cases. We show a large

potential for improvements in warning design to lead

to greater appreciation of danger and taking intended

protective actions. The research provides important

validation and support for a wider implementation of

IBWs and BRs, especially when considered in combi-

nation, into future warnings in order to improve indi-

vidual decision-making and, ultimately, save lives.

The one shortcoming of our study, which we share

with previous studies, is to make use of self-reported

intended responses to a hypothetical and imagined sit-

uation, rather than a field observation of actual behavior

in response to actual danger, even though some argue

that intentions are a good proxy for actual behaviors

(Ripberger et al. 2015b). In addition, an imagined situ-

ation suffers from a lack of real consequences for de-

cisions and people might be less risk-seeking in real-life

decisions, as was pointed out also by Kox and Thieken

(2017). Furthermore, the sampling technique and the

different lengths of the warning messages used in this

experiment limit the generalizability of our findings.

Finally, evaluating different warning messages with

impact and/or BRs is somewhat subjective. As Casteel

(2016) highlighted, a legitimate question to ask is what

constitutes an effective response to warnings. Thus, it is

important to remember that given the inherent uncer-

tainty in severe weather events as well as the local con-

text and conditions that can influence the weather, the
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most effective response may not always be the same ac-

tion. Also, given the predictive nature of the entire

warning process, any suggested impacts or actions is only

the forecaster’s best guess at one specific point in time

(Casteel 2016).

A future research direction could be to test the effec-

tiveness of different warning types during a real event,

rather than using a simulated event [e.g., as McCaughey

et al. (2017) did].While such a studywould offer results of

high validity, it would also pose complicated methodo-

logical and potential ethical challenges. The methodo-

logical challenge can be addressed by using an existing

app (or create a new one), to disseminate two types of

warnings, IBWs and SWs, to the subscribers for a real

event and retrieve warning response. As additional in-

formation in the warnings influences how the warning

information is perceived but does not necessarily

translate into a lower likelihood to engage in a danger-

ous behavior or any change in seeking more information,

future research should also address the link between

perceptions and less risk minimizing actions.
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